We performed corrosion case study and corrosion tests to assess the corrosion resistance of stainless steel type 304 pipes in tap water and hot water facilities. Circulating test equipment used for corrosion tests and two types of sample, plates and straight pipe specimens, were examined under different conditions of residual chlorine concentration in the test water. The results of case study analysis indicated that high degrees of pitting corrosion occurred on straight pipes with inner diameter < 50 mm. The results of corrosion tests showed that the residual chlorine concentration around the pitting corrosion of stainless steel type 304 was greater than 0.3 mg/L in the plate, regardless of the remaining chlorine concentration in the straight pipe specimens. These results suggest that straight pipes have higher corrosion susceptibility because of bending during production.
Introduction
Due to their superior corrosion resistance, stainless steel type 304 pipe began to be used in building facilities from the early 1980s, and the demand for use in water and hot water supply facilities has since increased several fold. However, the increased demand was accompanied by many problems associated with corrosion. Many reports in the 1990s presented examples of stress corrosion cracking (SCC) of stainless steel type 304 used as hot water pipes [1] and corrosion resistant of the weld [2] - [10] , a thing about is a representative memoir.
Since the early 2000s, however, there have been increasing reports of pitting corrosion in straight stainless steel pipes [11] [12] [13] [14] . This corrosion was suggested to be due to residual chlorine, produced from sodium hypochlorite used as a disinfectant in water treatment plants. The corrosion study that paid its attention to the straight pipe (non-weld) is a report about SCC until now. For example, it is a report "Effects of P and Cu on SCC Resistance of Austenitic Stainless Steel in Dilute NaCl Solution" [15] . There have been few studies regarding pitting corrosion of straight pipes in tap water environments.
This study was performed to investigate the factors involved in pitting corrosion of straight pipes. Here, we report the results of corrosion testing under conditions simulating the actual tap water environment to obtain basic knowledge regarding the effects of tap water on stainless steel pipes. We used plate specimens and straight pipes as test materials in this study.
Corrosion Case Study

Method
We investigated 18 cases [16] in the company and 10 cases [11] [12] [13] 
Result and Discussion
Figure 1(a) shows classified facilities use. About facilities use, 21 of 28 corrosion cases were the cases of hot water supply facilities, and there was much number of occurrence parts of the pitting corrosion water supply and hot water supply facilities together. Figure 1(b) shows the parts with corrosion. About occurrence part, 21 cases were the cases of the straight pipe, and there was much occurrence number of pitting corrosion with 14. Figure 1(c) shows classified inside diameter. With the hot water supply facilities, there were many occurrence cases less than 50 mm. With one water supply facilities did not understand the clear tendency for a lot of ignorance in study case. In addition, it is thought that cases less than 50 mm inside diameter were often found because corrosion produced less than 50 mm in the system even an case which it classified more than 60 mm. As a result of having investigated 28 corrosion cases, there were many ratios of pitting corrosion of straight pipe with less than 50 mm inner diameter in the water supply and hot water supply facilities together. 50 mm inner diameter or less may be pipe causes to be used as a branch pipe and a hot water pipe of the hot water supply pipe, and there is much consumption. In addition, as the inner diameter became small with 13 mm from 50 mm increased the consumption, and in fact it was expected to be larger than the number of this study.
Deformation-induced martensite is produced by cold work in stainless steel type 304. This deformation-induced martensite increases general corrosion amount in the active region as compared with austenite stainless steel type 304, and pitting corrosion occurs [17] - [24] . Straight pipe is produced by welding after bending of the raw plate material. Therefore, as the radius of curvature became small with decreasing inside diameter, the production of deformation-induced martensite increased due to severe bending. The large number of corrosion cases in pipes <50 mm in inside diameter may have been due to the effect of deformation-induced martensite on corrosion resistance [20] [21]. 
Study of Influence on Corrosion Resistant by Inner Diameter and Residual Chlorine
Corrosion tests were performed with addition of sodium hypochlorite to the test water to simulate residual chlorine in the tap water actual environment. Here, we refer to the sodium hypochlorite concentration in test water as the residual chlorine concentration.
Method
Test Materials
The test materials consisted of stainless steel type 304 produced from cold-rolled stainless steel plate sheet ("JIS G 4305, hereafter referred to as plate") 50 mm in length × 30 mm in width × 0.8 mm wall thickness, and stainless steel type 304 of light gauge stainless steel tubes for ordinary piping ("JIS G 3448, hereafter referred to as straight pipe") 13 mm in inner diameter × 15.88 mm in outside diameter × 0.8 mm wall thickness × 150 mm in length. Table 1 shows the chemical compositions of the specimens used. The test materials were obtained from commercial sources. All test materials were subjected to degreasing only without surface scrubbing prior to use in the experiments. In addition, the straight pipe specimens worked to coat only the outside, and the plate specimens left a 1 cm 2 corner as an effective area and coating processed the whole. Figure 2 shows a schematic drawing of the circulating corrosion test equipment used in this study. The equipment consisted of a 10-L test water preparation tank, 1-L test beaker, the circulation piping during a preparation tank and the test beaker, residual chlorine concentration control unit, circulation piping during chlorine concentration control unit and a preparation tank and a carbon dioxide supply device. Test water was passed through the circulation corrosion test equipment using a circulation pump. The plate specimens were installed in the test beaker, while the straight pipe specimens were installed between the circulation pump of test beaker exit side and preparation tanks. Table 2 shows corrosion test condition. Table 3 Figure 5 shows the changes in immersion potential of (a) plate specimens and made based on the approximation straight line created using the others report data. Good agreement of the maximum immersion potential of straight pipe specimens was seen between this study and previous reports for all residual chlorine concentration conditions except 0.0 mg/L. In addition, it is thought that as a result, the pitting corrosion potential of stainless steel type 304 is to around 0.4 V vs. SCE more. About the plate specimen, the tendency that it was 0.1 V vs. SCE higher in than the others report was seen in 0.3, 0.4, and 0.5 mg/L. However, good agreement was seen at 0.0 and 1.0 mg/L. Table 4 of Cl than these SEM observation and EDX analysis in the change of color department, and corrosion progresses, and it is thought that the corrosion product mainly composed of iron oxide deposits. As a change of color department was extremely local, I did not come to evaluate the progress of the pitting corrosion by the section observation definitely. However, it is thought that this change of color department becomes the starting point of the pitting corrosion than the existence of the corrosion product.
Circulating Corrosion Test Equipment
Corrosion Test Condition
Residual Chlorine Concentration and Corrosion Resistance
On the other hand, the immersion potential showed behavior to disagree with Since the pitting corrosion potential of stainless steel type 304 has been considered to be around 0.4 V vs. SCE in this study, electrochemical inspection is now carried out by the polarization method and constant potential method, and a detailed investigation of corrosion form is underway.
Conclusions
This study was performed to examine the corrosion of stainless steel type 304 pipes used in water supply and hot water supply facilities. The results can be N. Tanaka et al.
summarized as follows.
1) There was more corrosion of pipe parts <50 mm in inner diameter used for hot water supply facilities with residual chlorine concentration less than 0.4 mg/L as use environment than a case investigation.
2) The changes in immersion potential of plate and straight pipe specimens over time were dependent on residual chlorine concentration. The residual chlorine concentration dependence was remarkable in the straight pipe specimen, and the higher the residual chlorine concentration was, the larger the drop width of the immersion potential was.
3) In a corrosion test, changes of color departments thought to be a sign of the corrosion in all test conditions to remove 0.0 mg/L of the plate specimen were observed. It was thought that a change of color department became the starting point of the pitting corrosion than SEM observation and EDX analysis.
4)
As the straight pipe specimens were harder than the plate specimens, corrosion sensitivity appeared to increase with deformation-induced martensite production.
5)
As a tendency to be tense so that the inner diameter became small was seen in the straight pipe specimen, production of deformation-induced martensite increased so that the inner diameter became small, and it was thought that corrosion sensitivity became higher.
